The LEP experiments completed data-taking in November 2000. New preliminary combined results of the four LEP experiments ALEPH, DELPHI, L3 and OPAL are presented for various Higgs boson searches.
Standard Model Higgs Boson
In September 2000, ALEPH presented a data excess consistent with the reaction e + e − →HZ →bbqq for a Higgs boson mass of about 115 GeV 1 which was not confirmed by the other LEP experiments. In November 2000, L3 provided support for a signal observation with a HZ→bbνν candidate event at the same mass. For the summer conferences in 2001, all experiments updated their analyses and the probability of the data to be consistent with the Standard Model (SM) background is increased, as detailed in Table 1 2 . The confidence levels CL b for a signal observation and CL s for setting mass limits are shown in Fig. 1 . The resulting SM Higgs boson mass limit is 114.1 GeV at 95% CL. The reconstructed mass distribution and a list of candidate events are shown in Fig. 2 . In extensions of the SM the HZZ coupling might be weaker and thus the production cross section is reduced. Figure 3 shows limits on the reduction factor at 95% CL. Even if the SM cross section is reduced by a factor three, a Higgs boson mass up to 110 GeV is excluded. 
MSSM Benchmark Results
The Minimal Supersymmetric extension of the Standard Model (MSSM) is the most attractive alternative to the SM. The e + e − → hA and e + e − → hZ production cross sections are complementary. The LEP experiments have searched for the reactions e + e − → hA → bbbb and bbτ + τ − . Confidence levels CL b and CL s are given in Fig. 4 for the so-called benchmark results in the MSSM for large mixing in the scalar-top sector (m h -max) 5 . 
A General MSSM Parameter Scan
Important reductions of the mass limits compared to benchmark results were reported for LEP1 and first LEP2 data 6, 7 . With increasing statistics the reduction was only a few GeV by including the 189 GeV data of one LEP experiment (DELPHI) 8 , and similar for OPAL 9 . Figure 5 shows new results from a MSSM parameter scan for complete DELPHI data up to 209 GeV, leading to mass limits of 89 GeV on both scalar and pseudoscalar neutral Higgs bosons 10 . These are almost identical to the DELPHI benchmark limits 11 . Figure 5 (lower right) shows the importance of searches for invisible Higgs bosons 12 which could decay into neutralinos for some parameter combinations of the scan (outside of the benchmark). Limits
data, in which case they are 3.1 to 3.6 GeV below the expectations of about 95 GeV. A possible explanation is given that the HZ excess at about 115 GeV is due to the heavier scalar and that, in addition, the production of hA with masses between 90 and 100 GeV occurs 13 . Figure 6 shows a data excess above 2σ for m h + m A = 187 GeV in the bbbb channel. The same data excess is also expressed in the CL b and CL s distributions as shown in Fig. 7 . The hypothesis of the production of three MSSM Higgs bosons is supported by the data excess seen in Fig. 2 at 100 GeV which could result from hZ production in addition to HZ production. For the reported MSSM parameters 13 cos 2 (β − α) ≈ 0.9; therefore sin 2 (β − α) = ξ 2 ≈ 0.1. The ξ 2 limit in the 100 GeV mass region shows a deviation of about 2σ between expected and observed limit, as seen in Fig. 3 (left) . Figure 3 (right) shows that this new support is only observed in the complete LEP data. 
Charged Higgs Bosons
The search for charged Higgs bosons is performed in the framework of the general extension of the SM with two Higgs boson doublets. The combined CL b distributions from the four LEP experiments for the reactions e + e − → H + H − → cscs and τ + ντ −ν are presented in Fig. 8 14 . The resulting mass limit, which also includes the csτ ν channel, is 78.6 GeV at 95% CL and it is valid for any branching ratio Br(H + → τ + ν) as shown in Fig. 9 . The cross section limit for the cscs channel shows that the barrier from irreducible WW background events is almost passed. Optimization of the analyses of each individual experiment for higher masses could increase the decay-mode-independent reach by more than 5 GeV. Already a pre-LEP2 study 15 based on a luminosity of 500 pb −1 pointed out that '..., the kinematic region above m W will be a challenge for the decay-mode-independent sensitivity, it might even be unfeasible ...'. 
Invisible Higgs Boson Decays
In some models the Higgs boson can decay into invisible particles, such as neutralinos or majorons. The search for these Higgs bosons is performed in the Higgs bremsstrahlung process in association with a Z boson. All hadronic and charged leptonic Z decays are investigated 18 . The CL s distribution and the cross section limit are given in Fig. 10 . The mass limit is 114.4 GeV. 
Flavour-Independent Higgs Boson Decays
While in the SM the Higgs boson decays predominantly into b-quarks, in many extensions such as the general two Higgs doublet model, the b-quark coupling could be suppressed. Therefore, the search for Higgs boson bremsstrahlung in the four-jet, two-jet and two-lepton, and two-jet and missing-energy channels is generalized for flavor-independent hadronic Higgs boson decays 19 . Stringent limits are given in Fig. 11 . The expected limit is only 2.6 GeV below the SM limit, which is remarkable since b-tagging is a very important search tool. Left: The CL s distribution for all hadronic and charged leptonic channels for flavorindependent hadronic Higgs boson decays, combining the data collected by the four LEP experiments at energies up to 209 GeV. The production cross section of the SM and Br(h→qq) = 1 is assumed. The observed limit is given by the solid line and the expected limits are indicated by the dashed line and the shaded bands (1σ and 2σ). The horizontal line at CL s = 0.05 gives the limit at 95% CL. Right: The 95% CL bounds on the production cross section normalized to the SM cross section. The observed limit is given by the solid line and the expected limits are indicated by the dashed line and the shaded bands (1σ and 2σ). 7 
Photonic Higgs Boson Decays
It is possible that the Higgs boson does not decay into fermions. In this case the decays into γγ, WW and ZZ are dominant. As a fermiophobic benchmark model, the production and decays of the SM Higgs boson are assumed and all couplings to fermions are set to zero 20 . Figure 12 shows the expected Higgs boson branching fractions and the mass limits from the search by all LEP experiments in the h→γγ channel. 
Conclusions
The combination of the complete data from the four LEP experiments resulted in a large increase for the sensitivity of Higgs bosons. The data shows a preference for a SM Higgs boson of 115.6 GeV. Further small data excesses for Higgs boson pair-production and bremsstrahlung between 90 and 100 GeV allow the hypothesis that h, A and H of the MSSM all have masses between 90 and 116 GeV. Previously reported MSSM parameter combinations from a general scan are supported by the complete data set. The data is also consistent with the background-only hypothesis which results in stringent mass limits for the SM Higgs boson, the neutral Higgs bosons of the MSSM, charged Higgs bosons, invisible Higgs boson decays, flavour-independent hadronic Higgs boson decays, and fermiophobic Higgs boson decays. 
